Introduction
Let F, [X] , denote a polynomial ring in an indeterminate X over a finite field F, with exactly q elements, and let 3 = deg denote the degree function on F,[X] -{0}.
It is known that, with uniqueness up to non-zero (scalar) factors in ¥ q , the g.c.d. </i, k} of two non-zero polynomials h, ke¥ q [X~\ is obtainable by the Euclidean algorithm: (1) c,-_! = a t ki + k i+1 (0 <; dk i+1 < dk h da t = dk t . t The equations (1) also show that (2) and we deduce that 1 ^ L(/i, fc) = N g 5/c in all cases. In [4] we investigated the average length of the Euclidean algorithm over all polynomials h,ke¥ q [X~}, satisfying Ogd/i< 8k = t. In order to state these results we need the following notation.
Also, we set L(0,fc)=0 and
Then, from the results in [4] the distribution of L(h, k) follows a binomial law:
with mean value ((q -l)/q)t and variance ((q-l)/q 2 )t. Kilian [3] (using a deep result of Dixon [1] ), obtained asymptotic formulas for the average length of the ordinary Euclidean algorithm for integers. Equation (4) can therefore be regarded as a stronger counterpart in F,[X] of these results. However, in the case of natural numbers, much of the literature dealing with the length of continued fractions considers only co-prime pairs of integers. See in particular Heilbronn [2] and Porter [€] . We settle now the similar problem in We observe from (4) and (6) that the average length of the Euclidean algorithm for co-prime pairs (h, k) is greater by a constant l/q than the average for the general case. Partially related to the above, and also a problem of independent interest is the following: given a pair of non-zero polynomials h, k e F,[X] with a M let D{h,k)=Yj=i da ilt follows from (2), as in the case of Uh,k), that lŵ henever O^dh<dk = t. In Section 2 we also investigate the distribution of the quantities D(h,k). By combining these results with those for L{h,k) we can deduce an expression for the average degree per digit of the polynomials "a" in the continued fraction expansion of h/k, O^dh<dk = t. This quantity is given by
where the summations extend over 0^8h<dk = t. Similarly, we show that the average degree per digit in the continued fraction expansion of co-prime polynomials (h, k) e S(t) is --where here the summations extend over all (h, k) e &(t). These last results are somewhat analogous to those of Panov [5] , who derived an asymptotic expression for the average value of the partial quotients in the ordinary continued fraction expansion of co-prime pairs of integers lying in a certain class.
In general the treatments of ordinary continued fractions deal with denominators of bounded rather than fixed magnitude, hence the problem of determining average lengths of the continued fraction for h/k over all polynomials h, k in F,[X] with 0 ^ dh < dk ^ t is also of interest. Analogues of the above results for this larger class of pairs are derived in Section 3. The proof of Theorem 3 appears in Section 2.
Proofs of Results
In order to state the results concerning D(h, k) we require some further notation.
Note that by (2)
In particular, D t (i) = E(t). Thus with this interpretation, Dfj(t) is independent of the Euclidean algorithm or continued fraction. 
-^-2+0(-l). as t-*CO.

Let us denote the mean values of Uh, k) in equations (4) and (6) by L(E, t) and U.E, t), respectively, and the mean value of D(h,k) in equation (11) by D(E, t).
We can immediately deduce equations (7) and (8) since the respective ratios are given by D(E, t)/ I(£, 0 and tjUE, t).
Finally in order to combine our approach to Theorems 3 and 5 concerning L(h,k) and D(h,k) respectively, we define for l g M g t , MgJV^t,
Proof of Theorem 5. Consider any (h,k) with Uh,k) = M,D(h,k) =
N,l^M^N^t. By equations (1) and (2) 
The number of solutions of (13) is the number of solutions of
in non-negative integers x,, l^i^M . By a classical result in combinatorics (see e.g. Riordan [7] ) this number is
M-l+N-M\_ (N-l N-M )~\M-l
Now for each solution of (13) the number of m-tuples of polynomials
Corresponding to each of these we have (q -l)q'~N possibilities for k M by (12). Hence
By Definition 7,
Thus Prob {D(h,k) = N} has a truncated geometric distribution with mean
To determine the variance we must evaluate
as t-^oo.
Next,
By subtracting these expressions we obtain as t->cc the required asymptotic estimate for the variance.
Proof of Theorem 3. By (2) and (8)
The This is a binomial distribution in terms of Af -1 for O^Af -l^t-1. It follows that the mean value for L{h, k) is ({q -l)/q)(t-1) + 1 and the variance is ((<? -l)/<j 2 )(t -1).
Averages over a larger class of polynomials
We require some further notation, in order to state the results concerning pairs of polynomials (h, k) for which O^dh<dk^t. 
Definition 6. Let M(t)= #{(h,k):h,keF
where " nVr).
Further the average length of the continued fraction summing over all pairs (h,k)eJt(t) is
Note that for any fixed value of N, equation (18) is far better suited for the exact computation of L N (t), than equation (17) when t becomes large.
We consider next the distribution of D%(i).
Theorem 9. For t^l ,
DN{t) -\ q ( q '-l), N = 0. ( 2 0 )
Furthermore the mean value of D(h,k) summing over all pairs (h, k) with 0^8h<8k^t is
% as t-oo.(21)
In addition, the mean value of D(h, k) summing over pairs (h, k) in J({t) is
Using the above results, the average degree per digit in the continued fraction expansion of h/k for co-prime pairs (h, k) e JK(t) is Similarly, the average degree per digit in the continued fraction expansion of h/k over all pairs with 0 ^ dh< 8k ^ t is *M£ JL-U-1 W -) , as ^oo. 
